A loop-mediated isothermal amplification (LAMP) 
INTRODUCTION
African swine fever virus (ASFV) is an enveloped, complex, icosahedral virus with a double-stranded DNA genome of 170 to 190 kb in length (Takamatsu et al., 2013) . It has been classified as the sole member of the new family Asfarviridae (Sanchez et al., 2013) . This virus infects warthogs and bush pigs through bites from the argasid tick vector, as well as domesticated pigs and wild boar. It causes acute hemorrhagic fever and leads to high morbidity and mortality with consequent economic losses. There is no available vaccine for ASF (Karalyan et al., 2012) . Montgomery was the first to describe ASF, found in Kenya in 1921 (Gil et al., 2008) . The virus spread from infected warthogs to domesticated pigs, causing disease with 100% mortality (Jezewska et al., 2011) . In 1957, ASFV was reported in Lisbon, Portugal (Wieland et al., 2011) . Following these reports, the disease was found on the Iberian Peninsula, and sporadic outbreaks occurred in France, Belgium and other European countries in the 1980s (Sampoli Benitez et al., 2013; Uttenthal et al., 2013) . In the late 1970s, ASFV crossed the Atlantic Ocean and outbreaks were reported on some Caribbean islands, including Cuba and the Dominican Republic (de Glanville et al., 2014). The most recent outbreak of ASFV outside of Africa was in Georgia, at the beginning of 2007, and it has since spread to Azerbaijan and Russia, neighboring Armenia (Diaz et al., 2012; Uttenthal et al., 2013) . So far, there have been no reports of ASF in China, but due to its geographical proximity, a plan of defense is urgently needed, making a rapid and sensitive detection method for ASFV of critical importance. A variety of laboratory assays can be used to detect ASFV, including PCR (Howey et al., 2013 ) and real-time PCR (Oura, 2013) , two assays that have been adopted for routine diagnosis. Although PCR is a highly sensitive method for the detection of ASFV, it relies on precision thermocycling which requires expensive instrumentation. Advances in molecular biology have seen the establishment of the loop-mediated isothermal amplification (LAMP) assay, originally described by Notomi et al (Notomi et al., 2000) . LAMP allows rapid amplification of target DNA sequences in a highly specific manner under isothermal conditions. In this study, with the DNA polymerase Bst and specific internal and external primers enabled the identification of six independent regions of the target gene, we described the development of a rapid LAMP assay for the detection of ASFV, and compare this assay to PCR tests.
MATERIALS AND METHODS

Preparation of DNA template and samples
The K205R gene of ASFV was synthesized by Invitrogen in Shanghai, China (GenBank accession no. NC_001659.1). The recombinant plasmid pMD18T-K205R was kept at -70 °C until use as the template in ASFV LAMP and conventional PCR assays.
Primer design LAMP primers were designed based on ASFV K205R. Two sets of primers recognized six different regions of the target gene-inner primers FIP and BIP, and outer primers F3 and B3. FIP consists of F1c, which is complementary to the F1 and F2 sequences. BIP consists of B1c, which is complementary to the B1 and F2 sequences (Fig. 1) . A pair of specific PCR primers was also designed. The LAMP and PCR primer sequences are shown in Table 1 . 
Analysis of LAMP products
In additiontoelectrophoreticanalysis, LAMP productswerealsodetectedvisually. LAMP productswereidentifiable as a largeamountofwhiteprecipitateformedduringthe LAMP reaction. In addition, 100-fold dilutedSYBR Green Istain (BioTekeBiotechCo., Ltd., Beijing, China) wasaddedtothereaction tube andthesolutionwasobserved for color changeunderultraviolet light. Green fluorescencewasobserved in positive reactions.
Sensitivity of LAMP and PCR assays
The ASFV plasmidsweresubjectedto serial 10-fold dilutions, to a final concentrationof 6×10 0 to 6×10 4 copies/μl. The detectionlimitofthe LAMP assaywascomparedwiththatofthe PCR assayusingidenticalconcentrationsofthesame DNA templates. The optimizedmethodswereusedtodetectthesensitivit yof LAMP and PCR, with a reaction volume of 25 μl.
RESULTS
Optimization of reaction conditions
The LAMP productsappearedontheagarose gel in a ladder-likepatternatdifferenttemperatures (60, 61, 62, 63, 64 and 65 o C) anddifferent times (30, 40, 50, and 60 min). Little differencewasfound in theelectrophoreticpatternsat 60 and 65 o C (Fig.  2a) , andtheamountofamplificationproductwaslargesta fter 60 min reaction (Fig. 2b) . Thus, 64 o C for 60 min wasselected as theoptimalreactioncondition for ASFV LAMP assay, andthecomponentsandaddedvolumes for the LAMP reaction are given in Table 2 . Agarose gel electrophoresis of the ASFV PCR products indicated 59 o C as theoptimalreactiontemperature for thisassay (Fig. 2c) . 
Visual detection of ASFV LAMP
As alreadynoted, agarose gel electrophoresisofthe LAMP productsshown a ladder-likepatternwithfragmentsofdifferentsizes (Fig. 3a) . In addition, the ASFV LAMP productswerevisuallydetectedbytheirturbidity in thereaction tubes. In ASFV-positive samples, turbiditycouldbeseenwiththenakedeyeunder natural light (Fig. 3b) , whereastherewas no turbiditywiththe negative samples. Uponadditionof 1 μl SYBR Green I (100-fold dilution), greenfluorescencecouldbeobserved in the positive tubes underultraviolet light, and no fluorescencewasseen in the negative ones (Fig.  3c ). (Fig.  4a) , whereastheminimumdetectableamount for PCR was 6×10 2 copies/μl (Fig. 4b) . Thus, the LAMP assaywasapproximately100 times moresensitivethanthe PCR assay. In conclusion, a rapid and sensitive LAMP assay for the detection of ASFV was developed and validated. The LAMP reaction took approximately 1 h in a PCR thermocycler, or in a water bath at 64 o C. The detection limit of the ASFV LAMP assay was as low as 6 copies per µl DNA, 100 times more sensitive than that of conventional PCR. LAMP products could be detected by agarose gel electrophoresis, but also visually. The LAMP assay is a rapid, simple, specific, sensitive and reliable diagnostic protocol that can be applied under field conditions, even at China's trade borders, to prevent ASFV spread into China. This technique for ASFV detection holds great potential, pending further refinement.
